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Abstract 
The purpose of this study is to construct an integrated system that uses information and communication technologies (ICT) and 
solar energy more effectively to reduce energy consumption in houses at higher northern latitudes, i.e., in colder climates [1-2]. 
The core technology of this system is an active indoor environment control system that regulates temperature and illuminance 
only in the vicinity of the occupants. A goal of this technology is to decrease unnecessary energy consumption caused by 
controlling the average temperature and illuminance of an entire room. With this technology, a room is divided into multiple 
zones. Two radiators are installed on opposite-facing walls in two adjacent zones, and one distributed power-saving light is 
installed in each zone. Two sensors that detect the presence of occupants are installed at the ceiling corners to monitor the room. 
The occupant positions and the illuminance in sunlit locations are detected by these sensors. In this study, measurements of solar 
energy were taken in the northern part of Japan, and it was confirmed that there exists an adequate amount of solar energy in 
winter. Several essential technologies were developed to regulate temperature and illuminance only in the vicinity of the 
occupants, and the effectiveness of these technologies was partially confirmed using a subset of the final system. 
The integrated system will be installed in an experimental house this winter. 
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1. Introduction 
The east (Pacific) coast of the Japanese island of Hokkaido (the Doto area) has low temperatures throughout the 
year, which can fall below -20 °C in winter. The Doto area of Hokkaido has little snowfall, and the number of 
daylight hours is equal to that of Kanto (approximately 2,000 hours a year). The average number of daylight hours in 
winter is approximately 700 – 800, and the amount of sunlight during winter is 20 – 25 MJ/m2/day. The ambient 
temperature is often below freezing, even in the daytime on clear days in winter; on average, there are 45 – 60 ice 
days per year. 
Therefore, much of the energy consumption (nearly 370 MJ/m2/year) in houses in the Doto area is from heating 
and generating hot water. Improvements in construction and the use of the energy-saving devices have been 
encouraged to reduce energy consumption. Examples of improved construction practices in northern houses include 
greater air-tightness and better thermal insulation. The coefficient of heat loss in these houses is approximately 1.6 
W/m2/K. However, heat pumps, which are common energy-saving devices, are not functionally or economically 
realistic in the coldest area, where temperatures can be lower than -20 °C. 
In recent years, Home Energy Management Systems (HEMS) using ICT have made remarkable progress in 
reducing energy consumption in household appliances, heating, plumbing and lighting [3]. However, HEMS in cold 
climates such as the Doto area do not exist. 
The Doto area receives a large amount of sunlight in winter. To significantly reduce residential energy 
consumption in the Doto area, the objective of this study is to construct an integrated system that effectively uses 
ICT and solar energy, as shown in Figure 1. This integrated system has the following features: 
1) Hybrid storage for a photovoltaic (PV) power generation system. This system stores surplus electric power, 
and some of the surplus electric power can be stored as heat as needed. 
2) A solar heating (heating and hot water) system. This system stores solar energy in a non-freezing fluid that can 
be used for heating or making hot water in winter. 
3) An active indoor environmental control system. This system detects the locations of the occupants and 
regulates the temperature and the illuminance only in the vicinity of the occupants. The objective of this system is to 
save energy without sacrificing comfort. 
4) An intelligent HEMS. The objective of this system is to minimize energy consumption, cost or the carbon 
footprint by controlling the aforementioned technologies. 
In this paper, the results of basic solar energy measurements taken at a northern experimental house are described 
first. Next, a summary of the development of the active indoor environmental control system is given. Here, the solar 
energy is used for generating electric power and for heating. The experimental house was built at the Kushiro 
National College of Technology in the Doto area. 
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Fig. 1. Diagram of the integrated system 
2. Results of  solar energy measurements 
2.1. Power generation by the PV System 
Most of the energy consumed in houses in cold climates is used to generate heat, which typically comes from 
combustion-type devices that produce thermal energy from the combustion of fuel. However, these devices require a 
small but steady source of electricity. Electricity is indispensable for operating the combustion safety controller that 
prevents incomplete combustion and for the central heating. In addition, electric power is necessary for running the 
ventilation system required for all rooms. Therefore, measurements of electric power usage were taken to determine 
whether the PV system that had been previously installed in the experimental house can satisfy these demands. 
Figure 2 shows the connections of the various devices constituting the PV power generation system. Furthermore, 
this figure shows the measurement points for the electric power generated, consumed, bought, sold and stored. The 
PV panel has a rated output of 3 kW and is produced by the Sharp Corporation in Japan. The PV panel is installed on 
a pent roof with an incline of 3:10 (approximately 17 degrees) facing south. 
 
 
Fig. 2. Schematic of electric power flow and measurements 
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Figure 3 shows the daily electric power allocation from December, 2012 to February, 2013. Figure 4 shows the 
daily ambient temperature and the daily snowfall in the same period. In Figures 3 and 4, the top of the figure shows 
the weather every three hours. The consumption of electric power in the experimental house was approximately 7 
kWh/day. The electric power generated was equal to the power consumed in December, when the length of the day 
was the shortest and the elevation of the sun was the lowest. However, the electric power generated increases with 
the hours of daylight and the elevation of the sun. At the end of February, 2013, the electric power generated was 
approximately 15 kWh/day. The main consumer of electric power in December and January was an electric heater 
that was being used for another experiment. Because the heating is provided by a solar heating system in this study, 
these data were excluded from consideration. As a result, there was a 10% surplus of electric power in January, 2013 
and a 30% surplus in February, 2013. 
Because of the accumulation of snow on the photovoltaic panels, no electric power was generated at certain times. 
In addition, the temperature remained near freezing between the 16th and the 30th of December, 2012. Because the 
ambient temperature was less than -10 °C, the snowfall on the panel remained. The mean temperature was relatively 
high following this period, so the snow melted and function of the PV panel was restored. 
Measurements confirmed that the percentage of sunshine in winter in the Kushiro area was relatively high, 
indicating that it was possible to generate the necessary electric power for the experimental house. However, it was 
revealed that the tilt angle of the existing photovoltaic panel was not optimal for power generation and not 
sufficiently steep to allow the panel to shed accumulated snow. 
 
 
Fig. 3. Measured daily electric power allocation 
 
Fig. 4. Climate data for the measurement period 
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2.2. Solar radiation 
Solar energy is used for heating and hot water, which saves fuel. Figure 5 shows the arrangement of three 
pyranometers that were installed to measure the solar radiation at the experimental house. The influence of the tilt 
angle and the effect of the reflection from the snow on the ground (albedo) were determined. Figure 5(a) shows the 
inclined pyranometer (the altitude of the sun at the winter solstice, December 21, 2012, is 66.4 degrees in Kushiro), 
Figure 5(b) shows the horizontal pyranometer without shielding from reflected light, and Figure 5(c) shows the 
horizontal pyranometer with shielding from reflected light. 
Figure 6 shows the daily solar radiation from December, 2012 to February, 2013, where the top of the figure 
shows the weather every three hours. The solar radiation increases with the increasing hours of daylight and 
elevation of the sun after the winter solstice, which is the point in the year where the day is the shortest and the 
elevation of the sun is the lowest. The average solar radiation in December and January was approximately 18 
MJ/m2/day. This amount of energy will permit a temperature increase of 34 °C if the solar heating system has a solar 
collector area of 4 m2, a conversion efficiency 40% and a thermal storage capacity of 200 liters. Based on these 
values, it was concluded that the weather in the Kushiro area provides sufficient sunlight in winter. 
These measured values were higher than those of an average year and less than those for the year with the 
clearest weather in the solar radiation database of Japan (METPV-11㸪MONSOLA-11) offered by NEDO. From the 
database system, it was determined that the most suitable orientation was south and at an angle of 60.65 degrees for 
the period in which heating is normally required (from October to March). 
Following the snowfall on December 16, 2012, the ground around the pyranometers was completely covered with 
snow. The maximum solar radiation intensity measured by the inclined pyranometer increased by 10%. However, a 
clear increase was not observed in the two horizontal pyranometers. This result suggests that the arrangement of the 
pyranometers should be changed to measure the effect of the albedo more accurately. 
 
 
Fig. 5. Arrangement of the three pyranometers 
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Fig. 6. Solar radiation measurements at the experimental site 
3. Summary and development status of the active indoor environmental control system 
Heating accounts for most of the energy consumption in houses in cold climates. Heating systems typically raise 
the average temperature of an entire room. Lowering the mean room temperature to reduce energy consumption in a 
house would be extremely effective. However, this simple method is not realistic because it can adversely affect the 
comfort and the health of the occupants. The energy consumed for lighting is considerably less than that for heating. 
However, like heating, reducing the amount of light as a method to reduce energy consumption might reduce the 
comfort of occupants. 
This study investigates the possibility of reducing energy consumption by heating only the parts of a room in 
close proximity to the occupants, not the entire room. However, problems such as detecting where the occupants are 
located in the room and heating locally (personal heating) arise. For example, with the near-infrared radiation (near-
IR) detection method, which is widely used for detecting the presence of people, it is difficult to identify the position 
of an occupant because these types of sensors cannot measure the direction or the distance [4]. The Doto area is one 
of the coldest areas in which there is sunshine with below-zero temperatures in winter. Because local houses are 
expected to be heated by sunlight, large, insulated windows are normally installed in rooms with a south-facing wall. 
Because the wavelength of radiant heat from a human body is extremely close to the wavelength of sunlight [5], a 
human body cannot be detected in such a situation; i.e., a sunlit spot cannot be distinguished from a human body by 
an IR sensor [6]. It is difficult to provide occupants with a comfortable environment using normal radiant heating, 
which is a common local heating method, because the radiation is absorbed at the surface of an object, raising only 
the surface temperature, whereas a surface that is covered, such as back, does not warm. 
Therefore, an active indoor environmental control system, shown in Figure 7, was devised in this study [7]. The 
goal of this technology is to decrease unnecessary energy consumption caused by controlling the average 
temperature and the illuminance of an entire room. In this system, a room is divided in multiple zones. Radiators are 
installed on opposite-facing walls in two adjacent zones and one distributed, power-saving light is installed in each 
zone. Occupant detection sensors are installed at the ceiling corners to monitor the room. Occupant locations and the 
illuminance of sunlit spots are detected by these sensors. Heating and lighting are regulated only in the zones 
containing the occupants. The sensors, the lights, and the heaters are connected by a wireless LAN. Signals to adjust 
for comfort are sent from a tablet PC as needed. The energy consumption is thereby reduced without reducing 
comfort. 
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Fig. 7. Schematic of the active environmental control system 
3.1. Opposite-facing radiators 
Figure 8 shows the temperature time histories for two heights at two locations in the room, along with the average 
room temperature. The non-freezing fluid (propylene glycol) flow rate was 1.5 litters/min with the three-way valve 
position fully open, and the water tank temperature was 72 °C. The output of each radiator is 370 W. 
Thermocouples and glove thermometers were set up at the centers of the two areas. The two heights represent the 
sitting position (0.3 m) and the standing position (0.825 m). Because the temperature that the glove thermometer 
measures includes emitted radiation, the thermometer is used to express the sensed temperature. An electric heater 
was used as a substitute for the solar heating system to evaluate the opposite-facing radiators. The basic heat 
radiation properties and the radiation temperature of the radiator using the three-way valve were acquired via the 
communication link between the PC and the PLC (Programmable Logic Controller), and the performance of the 
control system was confirmed. 
 
 
Fig. 8. Transition of the room and radiation temperature 
3.2. Distributed power-saving light 
Figure 9 shows a schematic of the distributed power-saving light control system, which adjusts the lighting by 
communicating with the PC. The LED controller is mutually connected to a PC through an RS232C interface. The 
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lighting in each zone is controlled by the PC, which sends the target lighting value to the controller. In addition, 
direct control and monitoring of the lighting were conducted using a designated command. 
 
 
Fig. 9. Schematic of the distributed power-saving light control system 
Figure 10 shows the operational test results. From the test results in Fig. 10(a), the responsiveness for the target 
lighting value was confirmed. In addition, from the test results in Fig. 10(b), it was confirmed that constant lighting 
was maintained by the recovery function when the illuminometer was blocked temporarily. 
 
 
Fig. 10. Results of an operational test of the distributed power-saving light control system 
3.3. Occupant detection sensor 
Figure 11 shows an example of the occupant detection system in operation. This technology uses an RGB image 
from a camera to monitor the zone and detect occupants. A depth image is used to detect the presence of an occupant 
and estimate the spatial parameters in the monitored zone. Because a depth image is used, the position relations in 
three-dimensional space will be determined precisely, and misrecognition of a shadow of an occupant will be 
prevented. There is a possibility that image of the detected occupant includes parts of the furniture if the furniture is 
close to the occupant. Therefore, a future improvement should include middleware. In addition, a sunlight revision 
function will be required. 
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Fig. 11. Sample image from the occupant detection system 
4. Conclusion 
The objective of this study was to construct an integrated system that uses ICT and solar energy effectively to 
reduce energy consumption in houses in northern locations. This study was a first step in which basic measurements 
of the available solar energy at the experimental house were taken and an active indoor environmental control 
system was developed. The following are the results: 
(1) The average solar radiation in December and January was approximately 18 MJ/m2/day in the Kushiro area in 
winter. It is expected that a solar heating system with a conversion efficiency of 40% and a collection panel size of 4 
m2 can deliver a sufficient amount of heat. 
(2) Technologies were developed to regulate the temperature and the illuminance only in the vicinity of the 
occupants. The effectiveness of these technologies was partially confirmed. 
The integrated system will be installed in the experimental house this winter. 
If houses can effectively use renewable energy sources, large quantities of oil and gas could be saved. In addition, 
developments are expected that will apply to cold climates elsewhere in Japan and in other countries, areas that lack 
an adequate commercial power supply or remote islands and will have great social significance. 
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